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The virgin prairie which originally covered five sixths 
of Iowa has been largely converted to farm land, and only 
the characteristic soil profile of the prairie remains to 
mark its boundaries. The Iowa Twenty-Five Year Conserva­
tion Plan prepared in 19?3 mentioned ~hat somewhere in the 
state a large enough original tract of prairie vegetation 
shoiild be secured in order to save, under control of the 
state, the characteristic landscape, v/ild flowers and wild 
life of the native prairies. The Conservation Plan included 
a Prairie Reserve which v/as to be one of the remaining 
original areas, of which several ranging from forty to three 
hundred acres had been found by a survey. 
From the few scattered tracts of prairie which still 
persist as parts of undivided estates, the State Conserva­
tion Commission has purchased tvro prairie reserves: the 
Hayden Prairie in 19^5 2.nd the Kalsow Prairie in 19^8. 
Through the establishment of native prairie reserves the 
vegetation and landscape as the settlers found it are made 
available as a living museum of fauna and flora, and a 
field laboratory where scientific observations and experiments 
may be conducted. 
Information as to the type of management necessary to 
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maintaln these acq.uired areas in their natural state was not 
availaole. However, before starting studies on managenent 
practices, it vras considered necessary to complete plant and 
soil surveys. Preliminary observations of the prairies in­
dicated that the initial studies made on the areas should 
place on record certain basic data: 
1. An inventory' of the plant species present. 
2. Identification of the plant communities present. 
3. Determination of the present status of the prairies 
as to the extent of disturbance during past use. 
k. An examination of soil types and conditions as a 
basis of correlating the underground environment 
and of the prairie plant community. 
The purpose of the research reported herein was to obtain 
qualitative and quantitative evidence concerning the above 
points and to establish pertinent relationships between the 
two experimental areas. The investigation was conducted 
cooperatively by the State Conservation Commission and the 
Iowa Agricultural Experiment Station. 
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LITERATURS REVIEW 
The Iowa Prairie 
Iowa is located in the wedge of prairie extending east­
ward from the Missouri River through southern Mnnesota and 
northern Missouri into Illinois, Indiana and Wisconsin, and 
having further eastward outliers in Ohio, Kentucky and 
Tennessee at the time of settlement of the midwest. The 
chief vegetative and soil features of this prairie grass­
land area have "been described by Shantz (79) • The western 
portion of the oalc forest was regarded as giving way to a 
tall grass region, where ovring to fire and, at times, a 
high water table, trees were unable to establish themselves, 
although the conditions of soil and climate would permit 
their growth. These grasslands were considered similar to 
those found on the Chernozems to the west, but without the 
lime layer because of high rainfall. The tall grass area 
was viewed as a phase that developed along the eastern 
shelf of the Pedocals, where the vegetation was so nearly 
in balance with the total moisture supply that none of the 
soil water was lost to the permanently dry subsoil. On 
the Pedalfer soils east of this line water passed below the 
readl of the grass roots and the subsoil v/as permanently 
noist. At the tine of settlement 84 per cent of the area 
of lova was occupied "by grassland and 16 per cent by 
deciduous forest. The map of the state shov;ing the original 
grass cover in relation to forest cover illustrates the 
predominance of grassland in north>.'estern Iowa (Figure 1). 
Eastern lov/a lies in the transition zone between prairie 
and forest. Although the greater area of prairie was found 
in the northv/est quarter of the state, native grassland 
occurred elsevrhere on the upland and on sand terraces of 
the larger rivers throughout the state (42). According to 
Shimek (80) prairie occurred throughout Iowa on six more or 
less distinct physiographic types: 
1. The broad flat plains of the Wisconsin, lowan and 
part of the Kansan drift areas. 
2. The more rolling drift surfaces of the greater 
part of the Kansan area and the moraines border­
ing the Wisconsin and lowan areas. 
3. The rough loess ridges bordering the Missouri 
valley. 
4. The well-drained alluvial plains developed along 
the larger rivers. 
5. The prairie ridges in the forested rougher parts 
of the state, particularly the "oak openings" in 
the timbered eastern parts. 
6. The sand-dune areas. 
The deciduous forest was represented in Iowa almost ex­
clusively along stream courses where soil moisture and 
humidity were increased to such an extent that forests 
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developed in an oth.erx-;ise prairie region (2). 
The causes and origin of the prairie peninsula and its 
affinities vith the extensive grassland to the v^est and the 
mixed deciduous forest to the east have been the basis for 
much controversial speculation. Climatic, topographic, 
historical, edaphic, "biotic, and fire factors have been 
thought responsible for the development of this grassland 
area by a number of investigators who have made major con­
tributions to the study of prairie vegetation (35, 73> 75, 
76, 77, 9^, 95, 11^). During the first quarter of the 
century data were presented to prove that exposure to 
evaporation as determined by temperature, wind and topogra­
phy, and the lovr soil-water content were the chief factors 
in the maintenance of prairie (36, 80). The climate of the 
area became generally regarded as favorable to prairie 
vegetation. It was noted that the prairie climate has been 
unfavorable to growth and survival of trees (4, 111). The 
prairie of the region from central Iov;a easticard was at 
one time classed as subclimax because of its presence in 
a forest climate. Later the entire peninsula was classi­
fied as a climax -formation in closer accord with the rain­
fall-evaporation values (18, 104, 105)• This change in 
climatic status agreed v:ith the opinions of two earlier 
investigators (80, 82, 94), but ignored evidence indicating 
that oali-hickory communities were capable of establishing 
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and maintaining themselves on most of th.e soils of lova, 
even thou^ their rate of spread seemed insignificantly 
slow. The Iov;a forest communities were considered as post-
climax in nature only "Co the extent to which the protection 
afforded "by irregular topography had influenced their estab­
lishment. Lower nitrogen content of the soil on the slopes 
of newly formed gullies, reduction in density of grass 
cover, and the slight modification in environment induced 
by the small gullies were the factors involved in the in­
vasion and development of the shrub-forest community (3). 
The climate of the "grassland climax" of North America has 
been characterized as subhumid and meso or microthermal with 
varying distribution of rainfall during the summer months. 
The serotinal deficiency in moisture was taken to be prob­
ably one of the most influential factors in limiting the 
successional trend tov;ard so-called climatic mesophytlsm 
of the climax- a climax deciduous forest (93)* Borchert 
(11) ascribed the climate of the grassland to the pattern 
of the general circulation of the atmosphere and to the 
position of the North American continent in the belt of the 
prevailing westerlies. He considered grasslands as extend­
ing further east during the drier period vrhicdi followed the 
retreat of the glaciers. The drier period lasted several 
thousand years and ended a few centuries ago. During recent 
times woodlands have encroached upon the grasslands. In 
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In Borchert's opinion, extensive fires reflected grassland 
conditions, did not cause them. 
The concept of the prairie peninsula was developed 
further in extensive literature reviews in 1925, 1935, s-nd 
19^^ (82, 9^, 58). The last review and other work by the 
same authors (55) cited evidence bearing upon the problem 
of the advance of the forest and the combination of soil 
factors favoring prairie over woodland. This evidence 
indicated that the climate of Iowa during late-glacial and 
post glacial times had changed from boreal through oak-
hickory forest to grassland climate, and that the current 
forest climate has probably existed for only 700 to 800 
years. For 5,000 years preceding this recent shift, the 
climate of Iowa was predominantly that of a grassland 
climax, with the forest driven back to areas of deeper soils 
sheltered from fires and prevailing winds. Prairie in Iowa 
was considered to predate the xerothermic period and prob­
ably to date to soil disturbances initiated by the first or 
Nebraska glaciation. The authors refered to Transeau's (9^) 
view and concluded that fire probably played a local role 
in retarding forest advance, but that its influence was 
secondary to other factors and has been over-stressed. High 
nitrogen levels, built up in prairie soils during pre­
historic, grassland climate cycles, were under present con­
ditions important factors in favoring prairie species in 
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tiieir resistancs to forest invasion. Under this theory the 
removal of grass cover and the removal of high nitrogen 
A-horizon become major parts of the effect of erosion which 
has a favorable effect on forest invasion. McComb and 
Loomis considered that the unfavorable oxidation-reduction 
relationships of fine textured, wet soils and not poor 
drainage alone may limit forest growth on prairie soils, 
since it seems probable that some of the more xeric species 
of trees are susceptible to effects of oxygen deficiencies 
and carbon dioxide accumulations. Subclimax prairie, in 
their opinion, is found on silty or clayey plains of glacial, 
alluvial or other origin. The most important factor in the 
persistence of these subclimax prairies is poor soil aera­
tion caused by fine-textured soil and poor drainage. Al­
though the forest has advanced on favorable soils in Iowa 
during the recent forest-climax climate, it was regarded 
probable that most of the state would have persisted in­
definitely in subclimax or edaphic climax prairie because 
of the extensive loess and glacial till plains of the state 
which are unfavorable for forest. 
The idea of fire as a cause of the grassland was 
recently revived by S^uer (7^) who presented the vievrpoint 
that ecology, from its beginnings, has sought climatic ex­
planations for the presence of grasslands and thus arrived 
at the climatic climax principle. He believed that as more 
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climatic information becomes available there is less suc­
cess in identifying climate vrith grassland. G-rasslands are 
found on plains, subject to periods of dry weather. Re­
current fires operating effectively over such surfaces are 
competent to suppress woody vegetation. Suppression of 
fire results in gradual recolonization of woody species. 
In his opinion there is no basis for a climatic grassland 
climax, but only of a fire grass "climax" for soils per­
mitting deep rooting. He concludes that ecologic as­
semblages, though not climax nor in equilibrium have been 
thus established and maintained. 
The Flora and the Prairie Flora of Iowa 
Observations, collections and studies have been made 
on the flora of Iowa since 184-8 and yet no adequate flora 
of the state can be prepared in the near future. Much 
field collecting, herbarium work and taxonomic study is 
still necessary before actual preparation of a state flora 
can begin (33). Knowledge of the prairie flora is derived 
from those parts of county and regional floras and general 
floristic studies which describe the prairies. A checlclist 
of the Iowa flora lists 124 families represented by 583 
genera and I608 species; of these species, 293 were nat­
uralized, escaped and adventive, leaving a total of 1315 
native species and varieties (22). A total of 272 species 
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was listed in a table of comparisons of tlie floras of the 
6 types of prairie areas in Iowa. These represented the 
flora of about 60 localities from which collections and 
studies vere made over a period of 20 years (80). The 
immigrant flora of hk families containing 26? species is 
closely associated with the cultivated plants of fields, 
pastures and gardens. Seven of these families, G-ramineae, 
Compositae, Cruciferae, Legiaminosae, Solanaceae, Caryophyl-
lacae and Labiatae, contain 64 per cent of the whole (21). 
Of the 265 species making up the bulk of the prairie flora 
of Iov7a, 67 per cent are ordinarily dispersed by wind; 25 
per cent by animals, chiefly birds; and 8 per cent through 
hygroscopic properties. The preponderance of wind-dispersed 
forms accounts for the group of migrant native prairie 
plants Tr^iich rapidly occupies disturbed areas where they 
mingle freely with the introduced migrants until the latter 
are usually crowded out or are at least reduced to a second­
ary position by the native flora (84). 
Homogeneity of florlstic composition of prairie 
The florlstic composition of the prairie flora of the 
prairie peninsula has a remarliable homogeneity. 
Iowa contained 209 species of plants in 56 families 
according to Parry's catalog of Iowa plants of 1848 (29). 
Compositae, Leguminosae, and G-ramineae composed nearly one 
-11-
third of the total, and together with Rosaceae, Asclepidaceae, 
RanuncTilaceae, Umhelliferae, Verbenaceae, Labiatae and 
Scrophulariaceae made up 52 per cent of the total. A 19^6 
collection in a wet prairie area in east-central Iowa con­
tained 114 species in 38 families. The same first three 
families made up 44 per cent of the total number of species, 
and together with Liliaceae, Rosaceae and Umbelliferae made 
up 57 per cent of the total species (12). 
To the east, Ohio's prairies at the time of settlement 
contained as dominants four species in the Gramineae, 
Andropogon gerardi, A. sconarius, Sorghastrum nutans and 
Snartina "oectinata. and 102 species as subdominants. Ar­
ranged in order of decreasing numbers, the following 
families were included: Compositae, G-ramineae, Leguminosae, 
Labiatae, Asclepidaceae. Seventy additional species in­
cluding 16 composites were classed as plants of general 
distribution which frequently occurred on the prairies (48). 
To the west, in Nebraska, a prairie tract in primeval 
condition except for annual movjing contained 237 species, 
G-rasses and sedges made up 24 per cent of the flora with 
composites and legumes ranicing next in importance. Other 
important families were Asclepidaceae, Rosaceae, Labiatae, 
Polygonaceae and Violaceae. The remainder of the vegeta­
tion was produced by 50 families represented by 1 to 4 
species each (90). 
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To tlie soutii, undisturbed prairie relics in Missouri 
contained 18 per cent grasses, 12 per cent sedges and rushes 
and 70 per cent forbs and arborescent species (27). 
Presence values used as a basis for comparing tlie 
floristic composition of 65 V/isconsin relic prairies witii 
that of the prairies of neighboring states showed a re­
markable similarity between all the Wisconsin stations and 
the 20 outside stations. Tv/o hundred thirty-seven species 
in 52 families were found. Of these, 5 families contained 
more than 50 cent of the species: Compositae {27%) ^ 
Gramineae (lO,'^), Leguminosae (7^)» Asclepidaceae (4^), and 
Dmbelliferae (4^) 2h of the remaining 47 families were 
monotypic on the prairies (23). 
Previous Ecological Studies 
Our knoxfledge of the ecology of native prairie in Iowa 
is largely the result of the work of one individual who 
reported his findings and vievrooints over a period of a 
quarter-century (80, 81, 82, 83, 84, 85). These studies 
were largely concerned v/ith the distribution, origin, 
persistence, stability and floristic composition of the 
prairie. Observations on the flora of western Iowa from 
the physiological ecological aspect were made in the early 
1900s (62). Descriptive ecological studies of prairie in 
central Iowa together vrith its floristic features and 
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ecologlcal anatomy of some of the plants iiave "been made 
(39, 40, 41). 
A few short-period inrestigations have "been made on 
small prairie tracts. A study of the vegetation and 
habitat factors of a small area of prairie in east-central 
Iowa showed a difference in the number of plants in a^uad-
rats on lov: prairie and hi^ prairie, greater evaporating 
power of the air at high prairie and higher soil temperature 
at high prairie (13). A 40-acre wet prairie in the same 
locality was examined for the general distribution of 
plants over the area. Distribution of plants seemed to be 
to varying amounts of soil moisture and not to differences 
of soil types (12). 
The structure, development, continuity of prairie, 
and the ecology and relative importance of the prairie 
dominants was the concern of two extensive treatments of 
the tall-grass prairie covering eastern Nebraska and the 
western one third of Iowa (107, 108). 
In 1935 studies of the vegetation of a heavily grazed 
60-acre tract of upland grassland were initiated at the 
Iowa Lakeside Laboratory in the north-western part of the 
state as the basis for an experiment in plant succession. 
Records of permanent quadrats were kept from 1935 until 
1945, with the exception of 19^3. These records are evi­
dence of the extreme stability of the plant cover and the 
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slov/ness with vhich cjhanges take place (?)• Studies of 
the permanent quadrats made during 1950, after an elapse 
of 5 years, shovred that relatively little of the hoped-for 
change of vegetative cover tov;ard a prairie-like condition 
had occurred during the 15 years that this tract had "been 
under observation. Next to the dense growth of bluegrass, 
the most evident feature of this grassland, in comparison 
with pastures in the neighborhood, was the very small per 
cent of weeds (72). 
The phytosociological aspects of vegetative inquiry, 
particularly quadrat size, the relation of species to area, 
and frequency have been Investigated at the Lalceside Lab­
oratory prairie tract. On this tract the results indicated 
that 8 square meters was the smallest area to be considered 
as a representative sample, although a smaller sample vrould 
be satisfactory for either bluegrass pasture or for well-
developed prairie. Frequency comparison of 73 species in 
16 samples bore out the evidence of the permanent quadrats 
that the flora is extremely stable and showed little c±Lange 
in 7 years (7). 
Stability of Prairie 
The stability of natural grassland and the absence of 
introduced weeds has been noted by a number of grassland 
investigators. Shimek (82) in 1925 observed that while no 
native prairie species in Iowa had entirely disappeared 
under the disturbance of cultivation, pasturing and mowing, 
a fev species had been almost exterminated. Other species 
had become very rare, but on the whole the original prairie 
flora on unbroken tracts had been practically preserved. 
Pew introduced plants had been able to establish themselves 
on unbroken prairie and most of these in small ntunbers. It 
had been noted earlier that most ruderal plants flourished 
in mesophytic conditions and that the hydrojihytic or 
xerophytic prairie types appeared to have fewer introduced 
competitors than areas of more moderate soil moisture. Mow­
ing had not changed the constituent character of the upland 
prairie (40). The high degree of balance or stabilization 
of prairie was indicated by the relative constancy of the 
numbers of plants over a long period of time and the minor 
year to year fluctuations within relatively narrow limits. 
The prairie became a closed community which excluded most 
invaders. Its stability was increased by the long life 
span of many of the species, only about 5 per cent of which 
were annuals. Relic prairie areas have been found largely 
uninvaded although surrounded on all sides by cultivated 
fields with their accompanying annual weeds or by pastures 
V7ith their usually longer-lived weedy flora (109) • The 
total native flora of a single relic \^isconsin prairie was 
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considered as probably containing less species than were 
originally present because in the present isolated condi­
tion of the relic there v:as no opportunity for re-entry of 
any species T-;hich had been exterminated (23) • A study of 
seed establishment in grassland over a period of many years 
showed that many seedlings appear but fev/ ecize. Bluegrass 
(Poa Tjratensis) constitutes a notable exception, and has 
spread v;idely under annual moying and under pasturing (10). 
The number of possible prairie invaders is nearly as large 
as the more important prairie plants themselves. A list 
of the immigrant flora of Iowa contains 263 species, vhile 
265 species make up the bulk of the prairie flora of the 
state (21, SM-). 
Yield Studies 
Quantities of t)lant materials above ground 
Forage. 'While the quantity of root material added to 
the soil by grasses and legumes is important because of the 
effects on soil structure, the quantity of above ground 
material is of equal importance. Prairie soils ov:e much 
of their organic fertility to the residual deposits of 
herbage vhich forms each year as the above ground mass dies 
down and forms natural mulch. The residues of grassland 
vegetation are considered as having returned more to the 
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soil than they have absorbed from it (100). Investigations 
carried on over the midwestern grasslands report forage 
yields varying from 0.79 tons per acre to 2.19 tons (102, 
103, 112). Yields of 1^8 to 33^ pounds of dry natter per 
acre have been reported for Alberta over a 6 year period 
(17). Similar yields of 78 to 868 pounds per acre over 6 
different grassland comnunltles in southern Saslcatchewan 
and Alberta over a 6 year period were reported (20). Re­
corded yields of xvild hay on the Hayden prairie varied from 
1.75 tons per acre to 0.69 tons with a 10 year average of 
1.12 tons per acre (96). On the Ealsow prairie such yields 
ranged from 1.^16 tons per acre to 0.53 tons, the average 
being 0.88 tons per acre (97)* 
Mulch. The literature on natural mulches of grassland 
has been revievjed by Dyksterhuis and Schmutz (28). They 
considered grassland mulch to be as worthy of quantitative 
evaluation as either roots or herbage. In their opinion 
the amount of mulch may be taken as a criterion of range 
condition. They stated that there are virtually no quan­
titative data concerning amounts or effects of mulch on 
natural grasslands. Natural mulch to a depth of 8 inches 
and weighing from one half ton to over 6 tons per acre 
has been reported on the mid and tall grass prairies of 
Nebrasica (45, 110). 
The effects of excessive natxxral mulch on the develop-
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msnt and yield of grassland vegetation have been recently 
reported by investiga,tors who point out that there is little 
information on the complete protection of grassland from 
disturbance over a considerable period of tine (110). Mulch 
nay accumulate on completely protected areas to such an 
extent that occasional fires every 2-3 years may be bene­
ficial if they occur in spring before grovth is renevred 
(6, 108). The accumulation of mulch has been shov.-n to re­
tard plant growth in spring V7hile removal of an excessive 
cover of mulch by fire or clipping increased flover pro­
duction and plant height (24). Winter burning on a little 
bluestem pasture in Oklahoma resulted in earlier growth in 
the spring and a reduction of areal cover (67). In drier 
climates mulch maj'- not accumulate in grassland in excessive 
amounts, even if the cover is undisturbed. Forage yields 
which varied directly with the depth of the natural mulch 
were reported from southwestern South Da,kota (52). 
Quantity of plant materials underground 
Roots. Sarly root studies were descriptions of the 
depth of penetration and of the lateral spread of roots of 
various plants by the bisect method which found its widest 
application in the work of Weaver (99)- This pioneer re­
search v:as the basis of much of the fundamental knovrledge 
of the root habits of plants particularly the prairie 
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grasses and forbs wiiich vrere found to have remarkable 
depths of penetration. A natural sequence to such in­
vestigations has been a study of the amount of underground 
plant parts in various grassland types under different 
grassland climates, and particularly in the top soil v/hich 
is most subject to erosion. A resume of the vork on quan­
tities of underground plant materials showed that the sur­
face four inches of prairie soils may contain 2 to 4 tons 
per acre of living and dead undecomposed plant materials, 
the 77ei^ts decreasing with decreasing precipitation (86). 
Larger quantities of underground plant materials have been 
reported from work on the mixed prairie in Canada, averag­
ing 5*^ tons per acre in the upper 4 inches of soil and 
approximately one ton at the k to 8-inch depth (20). 
Soil Structure as Influenced by Plants 
Aggregate formation 
Plants have a modifying effect upon the soil through 
the additions of organic matter and the improvement of 
structure. They prevent erosion by protecting the surface 
soil, binding the soil with their roots, and maintaining 
an adequate infiltration capacity. Reciprocally, the 
structure of the soil has been recognized as having both 
direct and indirect effects upon plants; directly it 
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affects root penetration, aeration, and intake and con­
servation of water; indirectly it increases soil fertility 
by influencing biological and checical reactions (73)• 
Clay, humates, a netvroric of fine roots, and plant litters 
were listed by Hilgard (43) in 1906 as factors involved 
in the soil structure mechanism. The genesis of soil 
structure refers to the causes and methods of formation 
of the structural units or aggregates. The mechanism of 
the formation of these aggregates and the processes con­
tributing to aggregate formation were comprehensively re­
viewed by Baver (9)« Soils in the opinion of Yoder (115) 
had tvro distinct tjrpes of aggregates. The true aggregates 
were those which after becoming air-dry did not disintegrate 
when placed in water. These smaller water-stable aggregates 
were bound into larger aggregates by roots, root hairs, and 
fungal mycelia. The evidence since 194-0 seems to indicate 
that the principal cementing agent of aggregates is not 
decomposing organic matter but is a secretion from the 
microorganisms vi-hich are activated by organic matter addi­
tions (66, 56, 57)• Aggregates formed by the action of 
soil microorganisms were found to be temporary in nature, 
and a high degree of aggregation in soils was dependent on 
maintenance of microbial activity by a constant renev:al of 
the organic matter (59). Recently the general construction 
plan of soil structure has been defined as the summative 
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effects of colloidal-chemical and biological aggregation 
linjced to three conditions: water-stable aggregates must 
be foraed; nutrition of soil organisms must be provided 
by a high-grade root mass; and soil cover for protection 
for rain and drought must be present (78). 
Effects of roots 
Top production by perennial grasses has been considered 
to be correlated -ffith the amount of organic matter built 
up in the soil. The amount of organic matter, in turn, at 
a given depth in prairie soils has been generally associated 
v;ith the quantity of roots. Differences in the granular 
condition of virgin prairie soil and the single grain struc­
ture of cultivated fields has been associated with the large 
amount of roots of the prairie grasses. Of the several 
root characteristics related to soil structure, the tensile 
strength of roots of several species of grasses has been 
measured by investigators vjho found that those species with 
the highest tensile strength were associated with the 
maintenance of the highest percentage of large aggregates. 
G-rasses v;hose roots had low tensile strength values v/ere 
binders and gave low aggregate figures (6^, 92). It was 
shovm by exposing soil to a constant stream of water that 
the roots of prairie grasses e^diibited great tenacity and 
-22-
high binding power as contrasted to tiie poorer qualities 
of legumes and row crop plants in this respect (51)• The 
considerable amount of cellular material released by grow­
ing roots was considered as another property important in 
soil structure (71)* 
Data on the proportion of the roots of perennial grasses 
that have ceased to function each year and are thus avail­
able for incorporation as organic additions to the soil 
v;ould be extremely important in an understanding of the 
effects of roots on aggregation. A complete answer to this 
question was not found in the literature. A few studies, 
however, showed that root longevity varied with different 
species. The roots of big bluestem and switchgrass survived 
for three years while the roots of little bluestem and other 
grasses lived for two years (113)• 
A wide range was found in the rate of decomposition 
of prairie and tame grasses. The tame grass roots decayed 
most rapidly, those of tall prairie grasses were inter­
mediate, and those of the short grass species were the most 
resistant (101). 
Effects of mulch 
It is generally recognized that the history of past use 
of grasslands is reflected in the composition of species, 
production of forage, and amount of residue. It is well 
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knoTO Ihe.t the degree of forage renoval affects individual 
plants, plant succession, forage production, and modifies 
microclimate and soil. Some investigators iiave felt that 
the dead plant "litter" or mulch remaining at the end of 
the grazing season is of even greater importance than con­
servative grazing in its effects on soil structure, organic 
content, soil temperature, moisture and erosion, and thus 
upon the growing plants (25, lOo). 
Several woriers have demonstrated that surface litters 
cause the structural conditions of the soil surface layers 
to "become better aggregated (l, 89, 91)-
Depth and nature of soil structural change 
The effects of plants on the structural condition of 
the soil at various depths has "been studied "by several 
workers. Most of these investigations centered around the 
effect of soil and crop management practices on soil ag­
gregation, porosity, volume vreight and permeability. They 
show that any improvement in the soil structural condition 
caused by the growing of certain crops generally does not 
extend below 12 inches and is largely confined to the upper 
6 inches. Significant differences in the degree of aggre­
gation at a depth of 9 inches were shovm among continuous 
sod, legume-small grain-corn rotation, and continuous corn 
in Illinois (88). Alfalfa caused an improvement in the 
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degree of aggregation at a depth of 6 inches (5^). Perennial 
grasses were found to improve the aggregation in the II-I3 
inch soil layer in eastern Nebraska (60). For the 0-7 inch 
depth, hovrever, other investigators in the same region re­
ported that differences in aggregation related to the number 
of previous years in grass V7ere not attributable to years 
of grass cover but were correlated Tvith percentage of 2 
micron clay after the first cropping year (61). 
Effects of mulch on the degree of aggregation vrere 
not apparent below 3 inches (5), but mulching effects on 
aggregation at a depth of 12 inches have been shown (38, 
91). Increases in organic matter in pasture areas were 
considered due to the increased root systems instead of the 
increase of organic matter on top of the soil (6). 
The pore volume of surface soils was higher in forest 
and meadov; than in cultivated fields. The lovj- pore volume 
values in all the subsoils v^ere attributed to the lack of 
organic matter at the lower depths (63). 
The soil restorative effects of grasses and legumes 
in secondary succession in southeastern Iowa have been 
studied by V^ard (98) vrho found that both grasses and 
legumes vzere effective in increasing aggregation to a 
depth of 9 inches and that the grasses were the more ef­
fective. Prairie grasses had an effect on the volume weight 
of the soils at a depth of 9 inches while the legumes and 
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bluegrass were limited in their effects to the upper 6 
inches of soil. Modifications of soil structure were 
correlated with quantity of roots in the J,-6 inch soil 
layer but not in the surface 3 inches of soil. A higher 
percentage of water-stable aggregates in the surface 3 
inches of soil was associated with cover plants whose tops 
had a rapid rate of decomposition while in the 3-6 inch 
layer a higher percentage of aggregates was found under 
those cover plants which had roots with slow rates of de­
cay. "While the degree of aggregation was more closely re­
lated to the rates of decomposition of the above and below-
ground portions of the cover plants, permeability and volume 
weight were more closely related to quantity of above and 
below-ground materials than to rates of decomposition. 
Comparison of certain structural characteristics of 
virgin and cultivated soils 
Studies made on virgin and cultivated soils in various 
sections of the country indicated that the structure of 
the plow-layer of fields had deteriorated through years 
of cultivation. Tillage of Iowa soils has had an adverse 
effect on those properties which are associated with good 
crop production. The cultivated soils were less well 
aerated, had considerably less stable aggregates and had 
lost almost one third of their original nitrogen in 100 
years or less of cultivation and cropping. The amount 
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of aggregates under 1.0 am. was 162 per cent higher in vir­
gin soil samples than on adjacent cultivated areas (8, 3^)• 
A comparison of the environment of prairie vegetation and 
cultivated maize in eastern Nebraska shoved that cultiva­
tion had increased the volume weight of soil, decreased 
porositjr about 12 per cent, and retarded the rate of per­
colation 42 per cent or more. This resulted in greatly 
increased run-off and erosion compared to that in prairie 
(32). Soils in northeastern New Mexico which had been 
cropped 20 years showed losses in physical properties from 
their original state in aggregation, 48 per cent in surface 
soil and 44 per cent in subsoil, and total porosity, 8 per 
cent in surface soil and 15 per cent in the subsoil (16). 
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HATERIALS AND METHODS 
Experimental Areas 
The experimental areas utilized in this study were 
the Hayden and Kalsow prairie preserves located in Howard 
and Pocahontas counties respectively. 
Hot-7ard County is located in northeastern lovxa in the 
third tier of counties west of the Mississippi River, and 
to the north it "borders the State of Minnesota. It is 
almost entirely in the lowan drift soil parent material 
area. Figure 2, and in the plastic till variant of the 
Carrington type of the Carrington-Clyde soil association 
area. Figure 3> (70). 
Pocahontas County is located in northwestern Iowa in 
the third tier of coTinties south of the Minnesota state 
line and the fourth tier east of the Missouri River. It 
is near the center of the Wisconsin drift parent material 
area, Figure 2, and in the Clarion-Webster soil association 
area, Figure 3^ (70). 
The gently rolling Hayden prairie occupies the north­
east quarter of section 33 > Chester To^mship, in the north­
eastern part of Howard County. The soil types are Carring­
ton silt loam, plastic till phase, Floyd silt loam, and 
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Clyde silt loam (46). A ridge of iiigbL ground extending 
northwest from the southeast corner of the area divides 
the drainage, tvro thirds to the northeast and one third to 
the southx-;est. This upland with its long slopes occupies 
60 per cent of the area and is covered by the plastic till 
phase of the Carrington silt loam. The Clyde silt loam 
occupies about 15 per cent of the area along a natural 
drainagevjay in the northeast corner of the prairie, while 
the Floyd silt loam occupies a narrow strip a few rods in 
width between the Clyde and the Carrington and covers about 
25 per cent of the total area. This unplowed piece of 
prairie has been in one family ownership for 78 years; dur­
ing that time it was cut for hay and occasionally pastured. 
It was acquired by the lovra State Conservation Commission 
in 1945. 
The nearly flat Kalsow prairie occupies the northeast 
quarter of Section 3^> Bellville Township, in the south­
eastern corner of Pocahontas County. The soil types are 
Clarion loam, Webster loam, and V/ebster silty clay loam 
(47). A northeast to southwest upland strip of Clarion 
loam diagonally through the area divides the drainage al­
most equally to the northwest and southeast and occupies 
about 25 per cent of the area. The Webster silty clay loam 
covers the northwest and southeast portions of the area 
on either side of the Clarion loam strip; it occupies about 
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60 per cent of the area. Webster loam covers the northeast 
ana southwest corners and occupies ahout 15 per cent of 
the area. This prairie has been ovmed by one family for 
over a generation. It has "been mowed more closely and 
pastured more heavily than the Eayden prairie. It was 
acquired by the Iowa State Conservation Commission in 19^. 
Field Methods 
Plant collections were started during the late summer 
of 19^9 on the Kalsow prairie and continued on both prairies 
through the spring and summer of 1950 and 1951* Frequency 
and weight estimate of species as v;ell as yield investiga­
tions on forage and mulch were made by means of one fourth 
milacre quadrats randomly located within 330 x 330 feet 
squares. The amount of roots in the upper 18 inches of 
soil was determined from samples taicen with a steel cylinder 
at the quadrat locations. Soil samples were taken at the 
same and other locations to determine certain structural 
characteristics of the natural prairie soils and of adjacent 
cultivated soils. 
Vegetation sampling 
In locating each one fourth milacre c^uadrat sample, 
the 160 acre tracts were each divided into 64 squares, 330 
feet on a side. Each square was considered a coordinate 
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system, one corner "being the origin. The one fourth milacre 
quadrat \-ra.s located in this coordinate system by drawing two 
numbers from a table of random numbers and pacing off the 
distances indicated by the niimbers as abscissa and ordinate. 
After the first quadrat had been located and data had been 
taken, the corner of the neighboring square nearest to the 
quadrat was taken as the origin for the second coordinate 
system in t-^hich the next quadrat was located by the pro­
cedure described above. This method of selecting squares 
and locating quadrats was followed on both prairies for 
the entire study. 
jU.though 6^ squares were laid out on each prairie 
making possible 64 quadrats, some of the squares were not 
sampled because the study was confined to upland prairie 
and lowland areas were avoided. As a result, 40 squares 
were sampled on the Kalsow prairie and 50 on the Hayden. 
For ease of locating the corners of the quadrats were marked 
by numbered stakes of a height sufficient to extend above 
the vegetation. 
The species-area curve method devised by Cain (14) 
V7as used in determining the minimum niimber of quadrats neces­
sary for adequate sampling of the species present. Accord­
ing to this method the minimum n\iiflber of quadrats necessary 
has been reached when a further increase in the number of 
quadrats sampled of 10 per cent results in an increase in 
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tiie number of species found of 10 per cent. Although 
nininuE numbers so determined were found to be 12, 16 and 
15 for three independent series, the actual nunbers of 
quadrats sampled in these cases v/ere 30, ^0 and 50 re­
spectively. The lai^e number of quadrats sampled insured 
greater accuracy and more representative sampling. The 
application of the species-area curve method revealed that 
an increase of 10 per cent in the number of quadrats actual­
ly used would result in an increase in the total number of 
species of 2.5 per cent or less. For the 40 a_uadrat series 
on this tract the breaking point on the curve v/as at 16 
quadrats containing 69.2 per cent of the species sampled. 
The breaking point for the series of 50 quadrats on the 
Hayden prairie v;as at 15 quadrats containing 7^.1 cent 
of the species sampled. Although a strict adherence to 
the species-plot curve indicated the minimum number of 
plots to be small, the use of a much larger number insured 
a representative list of species for adequate frequency 
information. 
Frequency and weight estimate 
The species present in each quadrat were listed and 
the percentage composition by weight (65) estimated for each 
species. From these data, frequency percentages and average 
weight estimate nercentages for each species were calculated. 
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Tlie product of frequency and t'fei^t estimate percentages 
was used in arriving at the percentage composition as 
modified from Hanson's Frequency-Abundance Percentage (37)• 
Foragre and mxilch 
Forage yield was obtained by clipping all the stand­
ing vegetation in the sample plots to the level of the 
mulch after the species had been listed and percentage 
composition by weight estimated. The forage clipped from 
each plot vjas placed in a paper sack to be taken to the 
laboratory. After clipping, all the natural mulch was 
collected from each plot by hand raking and put into a 
paper sack separate from the forage for transportation to 
the laboratory. Air-dry vjeights were obtained for all 
material. The plots were clipped in the late summer of 1950» 
Roots 
Root yields at three soil depths, 0-6 inches, 6-12, 
and 12-18 inches, v;ere obtained from soil cores cut with a 
steel cylinder sampler, six inches long and three and a 
half inches in.diameter, previously designed and described 
by Ward (98)- These cylinder saE5)lers enabled one worker 
to take a larger number of samples ?;ith less labor than 
would have been involved by removing large soil blocks. In 
New Zealand similar cylinders were used and the samples 
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compared with, large block samples. It was concluded that 
a large number of cylinder samples gave a more accurate 
measurement of root yields than did a few large block 
samples (15) • Tiie root-soil cores were placed in paper 
bags for transportation to the laboratory for later washing. 
Soil sampling 
Soil samples were taken for volume wei^t, porosity, 
and aggregation determinations of the soil structural re­
lationships. Undisturbed soil cores were obtained from the 
surface, 6, 12, 18, 24, 30, 36 and 42 inch depths by means 
of a Coile type sampler (19). A 3-irich auger was used for 
the aggregate samples and to bore the holes from which the 
Coile core samples were taken. The bulk samples for ag­
gregate analysis vrere brought into the laboratory and al­
lowed to air dry v:ith frequent stirring and light pulveriza­
tion of the large clods. 
For the comparison of prairie and cultivated soils, 
samples vrere taken by the triangle method used in an earlier 
investigation of the properties of virgin and cultivated 
Ibwa soils (8). Sample locations within the prairie were 
paired with adjacent cultivated areas. In all instances a 
prairie sod and a cultivated soil were paired in a distance 
less than 50 feet. For each of the prairie and cultivated 
locations samples were obtained from separate sampling 
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points in a triangular area, each acout 25 feet apart. All 
soil samples were talcen in late August and early September 
of 1950 and 1951' 
Laboratory Methods 
Determinations of amount of roots 
The root cores were washed over a nest of screens 
supported in a horizontal position by a metal frame over 
an open tank. The presoaked roots and soil were placed on 
the upper screen and sprayed with a gentle stream of water 
from a hose. By continued washing there were finally left 
on the screen only the roots and a small amount of rocks 
and coarse soil particles v/hich were easily separated. Very 
few fine roots were lost through the lovj'er 2 mm. screen. 
Dry weight was determined after the roots were oven dried at 
100° C. for ^ hours. 
Determinations of soil structural characteristics 
Porosity. The undisturbed soil cores obtained with 
the Coile sampler were used to determine volvme weight, 
capi l lary porosity and aeration porosity of  the soi l  (9> 
26). The latter two determinations were made by using a 
porous ceramic plate and 40 cm. of water tension (53)• These 
determinations were made on the soil cores from all 7 depths. 
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7oluine vrelght. After completing porosity determina­
tions of the Coile samples, the ratio of the oven dry-
weight of the soil to the weight of an equal volume of 
v/ater was calculated. This value is an expression of the 
volume weight of the soil. 
¥ater-stable aggregates. The Yoder wet-sieve tech­
nique was employed for the water-stable aggregate analysis 
(115). Duplicate 25 gram samples of air-dried soil were 
used. The percentage of the total soil represented by the 
water-stable aggregates greater than 2 mm. was used as an 




Determination and tabulation of all plant s-pecies on the 
Kalsoy and Eayden prairies 
Plant collections conducted over a two-year period 
on the Kalsow and Hayden prairies are presented in Table 1. 
The Kalsow collections v/ere made in August, 19^9; 1'Is.y, June 
and August, 1950; April, May, June, July and September, 1951-
Plants were collected on the Eayden prairie in I'day, June 
and September, 1950, and in l»Iay, June, July and August, 1951-
All specimens were identified and compared v:ith those in 
the Iowa State College herbarium. VJhile the list includes 
species distributed over the seasonal aspects of the year 
from late April to early September, they may not portray 
the full floristic expression of these preserved prairie 
areas, and more intensive collecting will probably add a 
number of plants to the list. The intention has been to 
place on record the existing flora of these areas since 
both prairies have been acquired by the State Conservation 
Commission for permanent preservation and for observation 
and research. 
The nximber of species on each of the Kalsow and Hayden 
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Table 1. List of Plants Collected on the Kalsow and 
Hayden Prairies, 19^9-1951* 
Kalsovr Hayden 
Al-dABXLLIDACSAE 
Hypoxis hirsuta (L.) Coville x«* X 
ASCLSPIDACEA3 
Asclepias incarnata L. X 
longifolia Michx. X 
sullivantii Sngelm. X X 
syriaca L. X 
tuberosa L. X X 
verticillata L. X X 
30RAGINAC3AE 
Lithospermiun canescens (Michx.) Lehia. X X 
CAI«iPANULACEAS 
Campanula aparinoides Pursh X 
Lobelia spicata Lam. X X 
GI3TACSAS 
Helianthemum bicknellii Fern. X 
COIMSLINACEAE 
Tradescantia bracteata Small X X 
COi'IPOSITAS 
Achillea lanulosa Nutt. X X 
Antennaria neglects G-reene X X 
Ambrosia artemisiifolia L. X 
Artemisia ludoviciana Nutt. X X 
Aster azureus Lindl. X 
ericoides L. X X 
laevis L. X X 
sericeus Vent. X 
Cacalia tuberosa Nutt. X X 
Girsium discolor (Muhl.) Spreng. X X 
hillii (Canby) Fern. X X 
iowense (Pamnel) Fern. X X 
*Noiaenclature of grasses follows Hitchcock (^); that 
of other plants, Fernald (31)-
X designates species present. 
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Table 1 (Continued) 
Kalsow Hayden 
Coreopsis palmata Nutt. x 
Echinacea pallida Nutt. x 
Srigeron strigosus Muhl. x 
Helenium autumnale L. x 
Helianthus grosseserratus Martens x 
laetiflorus Pers. var. 
rigidus (Cass.) Fern. x 
Heliopsis helianthoides (L.) Sweet 
var. scabra (Dunal) Fern. x 
Hieracium canadense Michx. 
Lactuca ludoviciana (Nutt.) Riddell x 
Liatris aspera Michx. 
pycnostachya Michx. x 
scariosa (L.) Willd. x 
Partheniun integrifolium L. 
Prenanthes racemosa Miclix. x 
Eatihida columnifera (Nutt.) ¥ooton 
& Standi. 
pinnata (Vent.) Barnh. x 
Rudbecfcia serotina Nutt. x 
Senecio integerrimus Nutt. x 
Silphixim laciniatum L. x 
Solidago altissima L. x 
gigantea Ait. x 
graminifolia (L.) Salisb. x 
gymnospermoides (Greene) Fern, x 
missouriensis Nutt. x 
nemoralis Ait. x 
rigida L. x 
rugosa Ait. x 
Tragopogon pratensis L. x 




















Convolvulus sepium L. 






Arabis glabra (L.) Bernh. 
divaricarpa Nels. 




Table 1 (Continued) 
Kalsow Hayden 
CYPERACSAS 
Carex "brevoir (Dew.) tlackenz. x x 
stipata Mulil. X x 
Scirpus fluvlatilis (Torr.) G-ray x 
EQUISETACSAS 
Squisetum fluviatile L. x 
kansaniini Scliaffn. x x 
SDPHORBIACSAE 
Euphorbia corollata L. x x 
G-ENTIANACEAE 
G-entiana crinita Forel. x x 
puberula Michx. x x 
GRAMINEAE 
Agropyron repens (L.) Beauv. x x 
trachycaulum (Link) Malte. x x 
Andropogon gerardi Vitman x x 
scoparius Hichx. x x 
Agrostis alba L. x x 
perennans (Ivalt.) Tuckerm. x 
Bouteloua curtipendula (Miciix.) Torr. x x 
Bromus inenais Lsyss. x 
latigltunls (Shear) Hitchc. x 
purgans L. x x 
Galanagrostis canadensis (Michx.) 
Beauv. var. macouniana (Vassey) 
Stebbins x x 
Elsnnus canadensis L. x x 
Hierochloe odorata (L.) Beauv. x 
Hordeun jubatum L. x x 
Koeleria cristata (L.) Pers. x x 
Leptoloma cognatum (Schult.) Chase x 
Mu^enbergia. racemosa (Michx.) B.S.P. x 
Panicum praecocius Hitchc. and Chase x 
scribnerianum Nash. x x 
virgatum L. x x 
Phalaris arundinacea L. x 
Phleum pratense L. x x 
Poa compressa L. x x 
palustris L. x 
pratensis L. x x 
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Table 1 (Conoinued) 
Ealsow Hayden 
Setaria lutescens (VJeigel) Hubb. x 
Sorghastrum nutans (L.) x 
Spartina pectinata Link x 
Spiienopiioiis obtusa (Miciix.) Scribn. x 
Sporobolus heterolepis (A. Gray) 
A. Gray x 






Sisyrinchixim campestre Bickn. x 
LABIATAE 
Lycopus americanus Muhl. x 
rubellus Moench x 
Mentha arvensis L. x 
Monarda punctata L. x 
Pycnantiiemum virginianum (L.) Durand 
& Jackson x 
Scutellaria parvula Miciix. x 
LS&UMINOSAE 
Amorplia canescens Pursh. x 
Astragalus canadensis L. x 
caryocarpus Ker x 
Baptisia leucantiia T. & &. x 
leucophaea Nutt. x 
Desmodium canadense (L.) DC. x 
Latiiyrus palustris L. x 
venosus Muhl. x 
Lespedeza capitata Miciix. x 
Medicago lupulina L. x 
Melilotus aiba Desr. x 
officinalis (L.) Lam. x 
Petalostemun candidxim (Willd.) Miciix. x 
purpureum (Vent.) Rydb. x 
Psoralea argopliylla Pursii x 
Trifolium agarium L. x 
liybridum L. x 
pratense L. x 
















Lytiirum alatum Pursii 
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Table 1 (Continued) 
Kalsow Hayden 
LILIACEAE 
Alliiim canadense L. 
schoenoprasum L. 
Liliuia canadense L. 
philadelphicun L, var. andinum 
(Nutt.) Ker 
NYCTAG-INACEAS 
Mirabilis hirsuta (Pursii) MacM. 
ONAGRACSAS 
Oenothera "biennis L. var. pycnocarpa 




















Polygala sanguinea L. 
POLYGONACEAE 
Polygonum coccineum l-iuhl. 
PRIMaLACEAE 
Dodecatheon media L. 




Anemone canadensis L» 
cylindrica &ray 
patens L. var. volfgangiana 
(Bess.) Kocli 
Anemonella thalictroides (L.) Spach 
Aquilegia canadensis L. 
Ranunculus rhomhoideus G-oldie 



















Table 1 (Continued) 
Kalsow Hayden 
ROSACSAE 
Fragaria vesca L. var. americana Porter x x 
G-eun tririorum Pursii x x 
Potent ilia arguta Pursh. x x 
canadensis L. x x 
norvegica L. x 
Rosa arkansana Porter var. suffulta 
(Greene) Cockerell x x 
Spiraea alba. Du Roi x 
RHAl^NACSAE 
Ceanothus americanus Desf. x 
avatus Desf. x 
RUBIACEAS 
Galium obtusum Bigel. x x 
SALICACSAE 
Populus trenuloides Michx. x 
Salix discolor Muhl. x 
humilis Marsh. x x 
SANTALACEAE 
Comnandra umlDellata (L.) Nutt. x x 
SAXIFRAC-ACEAE 
Heudiera iiispida Pursh. x 
SOLONACEAE 
Physalis heterophylla Nees x 
longifolia Kutt. x x 
S CROPHULARIACEAE 
Pedicularis canadensis L. x x 
lanceolata Michx. x 
Veronicastruin virginiciiin (L.) Farv;. x x 
UMBELLIFERAE 
Cicuta maculata L. x x 
Eryngium ynccifolium Michx. x x 
Zizia aptera (Gray) Fern. x x 
aurea (L.) W.D.J. Koch x x 
Table 1 (Continued) 
Kalsow Hayden 
vsrbenac2ae 
Verbena iiastata L. x 
striata Vent. x 
7i0laceae 
Viola pedatifida G-. Don x x 
Siiinmary 
Number of Families 35 3^ 
Number of Genera 106 99 
Number of Native and introduced species 149 13^ 
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prairie tracts was nearly 150. A total of 149 plant species 
representing 106 genera in 35 families was found on the 
Kalsow area. This included 25 grasses, 2 horsetails, 3 
sedges, 1 shruh, 1 tree and 11? forbs. The 134 species 
of plants on the Hayden tract consisted of 26 grasses, 
horsetail, 2 sedges, 1 shruo, 3 trees and 101 forhs. They 
were distributed in 36 families and 99 genera. 
The similarity of the tvro prairies was characterized 
by the occurrence in both areas of many of the same species, 
including the disturbance indicators: redtop (Agrostis 
alba), bluegrass (Poa oratensis and P. compressa), timothy 
(Phleum pratense), alsike clover (Trifolium hybridum), red 
clover (Trifolixim -oratense), common morning glory (Ipomoea 
purpxirea), and quackgrass (Agro-oyron re-pens). The chief 
differences were the more luxuriant development of plants 
on the Hayden prairie, the pure stands of prairie dropseed 
on the drier portions of the Kalsow prairie and the invasion 
of the Hayden prairie by prairie willow (Salix hiuailis), 
pussy v7illow (Salix discolor) and aspen (Pot)ulu8 tremuloides). 
Comparison of the frtvo orairies on the basis of plant 
families 
For the sake of obtaining a simple picture of the 
composition of the two prairies the more important families 
have been listed in Table 2, according to the number of 
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Table 2. Plant Families Listed According to the 
NumlDer of Genera and Species Present on tiie 
Kalsow and Hayden Prairies 
Percentage of 
Number of Number of total number 
genera in species in of species 
Family Kalsov; Hayden Kalsow Hayden Kalsow Hayden 
Compositae 23 22 35 32 23.3 24.1 
Gramineae 21 18 25 26 16.7 19.5 
Leguminosae 12 10 19 14 12.7 10.5 
Labi at ae 5 6 4.0 
Rosaceae 5 6 6 4.0 4.5 
Asclepidaceae 1 1 5 4 3.3 3.0 
Liliaceae 2 2 2 2.7 1.3 
Eanunculaceae 3 6 4 8 2.7 6.0 
Umbelliferae 3 3 4 4 2.7 3.0 
Primulaceae 2 2 4 3 2.7 2.3 
Salicaceae 2 3 2.3 
Cyperaceae 2 1 3 2 2.0 1.4 
Scropiiulariaceae 2 2 3 2 2.0 1.4 
Convolvulaceae 2 2 2 2 1.3 1.4 
Cruciferae 2 2 1.3 
Gentianaceae 1 1 2 2 1.3 1.4 
Oxalidaceae 1 1 2 2 1.3 1.4 
Onagraceae 1 2 1.4 
Polomoniaceae 1 2 1.3 
Campanulaceae 2 2 1.4 
Solonaceae 1 2 1.3 
Verbenaceae 1 2 1.3 
Equisetaceae 1 2 1.3 
Other families 
represented by 
only one species 15 19 15 19 10.8 13.7 
Total in prairie 106 99 149 134 100.0 100.0 
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genera and species collected. On the Kalsow area 20 fam­
ilies included 90 per cent of the species in the flora. The 
remaining ten per cent of the flora included 15 families, 
each represented by only one species. On the Hayden tract 
the 17 largest families included more than 86 per cent of 
the total number of species, and 19 other families made up 
the remaining 14 per cent. Over 50 per cent of the species 
of the two prairies were included in the three largest 
families, Gompositae, 6-ramineae and Leguminosae. About 40 
per cent of them were in either Gompositae or G-ramineae. 
Stability of the two prairies 
The lovja immigrant flora of 263 species is represented 
by 44 families, of which seven, G-ramineae, Gompositae, 
Gruciferae, Leguminosae, Solanaceae, Garyophyllaceae and 
Labiatae, make up 64 per cent of the vzhole (21). On the 
Kalsow and Hayden prairies the small number of invaders, 
14 species in five families, was composed largely of plants 
with lov7 frequency percentages, as shovm in Table 3-
five families were G-ramineae, Leguminosae, Gonvolvulaceae, 
Labiatae and Gompositae. On the I^lsow prairie all 14 of 
the invading species were present and constituted 9*3 psr 
cent of the flora, while 9 invaders made up 6.7 per cent of 
the flora on the Hayden prairie. Only three species on 
the Kalsow, redtop (Agrostis alba). bluegrass (Poa pratensis) 
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Table 3- Immigrant Plants on the Kalsov; and Hayden Prairies 
Frequency percentage 
Family and species Kaisow Eayden 
GRAMINEAE 
Agropyron repens x* x 
Agrostis alba 25.0 12.0 
Broaus inermis x 
Poa compressa 12.5 1^.0 
Poa pratensis 90.0 90.0 
Phleum pratense 85.0 82.0 
Setaria lutescens x 
LEGUMINOSAE 
Medicago lupulina x 
Melilotus alba x 
Melilotus officianalis x 
Trifolium hybridun x x 
Trifolixim pratense 12.5 2.0 
CONVOLVULACEAS 
Ipomoea purpurea 2.5 ^-0 
LABIATAE 
Mentha gentilis x 
COHPOSITAE 
Tragopogon pratensis x 
Total STDecies: 1^ 9 
*Species present but not encountered in the quadrat 
samples. 
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and tinothy (Ptileum pratense), and two species on the Hayden, 
bluegrass and timothy, had frequencies greater than 20 per 
cent. 
Within the nain "body of the Iowa prairie flora there 
is a group of ahout JO migrant native plants, designated 
as prairie v:eeds, which quickly have taken possession of 
new surfaces (82), Only nine species of such plants in 
six families, 6-ramineae, Onagraceae, Asclepidaceae, Con-
volvulaceae, Verbenaceae and Conpositae, were found on the 
two prairies, eight on the Ealsov; and six on the Eayden as 
shovm in Table if'. These plants constituted 5-3 cent of 
the total flora of the K^isow and 4-5 per cent of the Hayden 
prairies. All of them had frequencies of less than 20 per 
cent. 
Frequency studies 
The frequency percentages of the species encountered 
in the quadrat survey of the tv^o prairies were tested by 
Raunkiaer's L^-w of Frequency (50, 68). This was done 
by arranging the species in five frequency classes, 
A(1-20 per cent frequency), B(21-40), C(4l-6o), D{61-80), 
and E(31-100). Class A usually consists of a few repre­
sentatives of a large number of species, whereas. Class E 
ordinarily includes a large number of representatives of a 
few species. 
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Table 4. Migrant Native Plants on the Zalsow 
and Kayden Prairies 
Frequency percentage 
Family and species Kalsow Hayden 
GRAMINSAE 
Hordeim jubatum x* 6.0 
Muhlenbergia racemosa 20.0 
ONA&HACEAE 
Oenothera biennis x x 
ASCLEPIADAC2AE 
Asclepias syriaca x 
CONVOLVULACEAE 
Convolvulus sepium x 2.0 
VEBB2NACSAE 
Verbena striata x 
COI^POSITAE 
Ambrosia artenisiifolia x 
Srigeron strigosus 7•5 
Solidago rigida 5«0 6.0 
Total s-oecies: 8 6 
Species present but not encountered in the quadrat 
samples. 
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Table 5* Frequency Classes and Frequency Percentages 
of Species on the Kalsow and Hayden Prairies 
Frequency percentages 
Frequency Species Kalsow Hayden 
classes 19^9 1950 1950 
Poa pratensis 86.6 90.0 90.0 
Andropogon gerardi 90.0 87.5 94.0 









Andropogon scoparius 83.3 85.0 88.0 
Sporobolus heterolepis 83.3 85.0 82.0 
Panicum virgatum 73'^  75.0 
Antennaria neglecta 66.8 67.5 





1^ -6,7 45.0 
62.0 
Achillea lanulosa 
Comandra umbellata 43.4 45.0 42.0 
P.osa arkansana var. suffulta 45.0 
C Equisetum kansanum 53.3 42.5 
{kl-60^) Sorghastrum nutans 42.5 
44.0 Amorpha canescens 
Stipa spartea 44.0 
Aster ericoides 42.0 
Zizia aptera 42.0 
Sorghastrum nutans 33.5 
Aster ericoides 33.5 37.5 
Anemone cylindrica 36.8 35.0 
Petalostemum purpureum 33.5 32.5 
Amorpha canescens 26.9 27.5 
Liatris pycnostachya 26.9 27.5 
26.0 Panicum scribnerianum 30.2 25.0 
3 Agrostis alba 26.9 25.0 
(21-40/1) Koeleria cristata 26.9 25.0 
Liatris scariosa 23.6 25.0 
Pedicularis canadensis 22.5 
34.0 Antennaria neglecta 
Lithospermum canescens 32.0 
Elymus canadensis 28.0 
Salix spp. 28.0 
Panicum virgatum 26.0 
Viola pedatiiida 26.0 
Coreopsis palmata 24.0 
G-alium obtusum 24.0 
Yicia americana 24.0 
Thalictrum dasyca37p;jm 22.0 
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TalDle 5 (Continued) 
Frequency percentages 
Frequency Species Kalsow Hayden 
classes 19^9 1950 1950 
Stipa spartea 20.0 20. 0 
Cirsium hillii 16.6 17. 5 8. 0 
Hellopsis helianthoides 
var. scabra 16.6 17. 5 • 
1—1 
0 
Lithospermua canescens 16.6 17. 5 
Spartina pectinata 16.6 17. 5 4. 0 
Baptisia leucophaea 16.6 15. 0 10. 0 
Solidago gigantea 13-3 15. 0 
Silpiiiiia laciniatum 10.0 15. 0 6. 0 
Poa compressa 16.6 12. 5 lij-. 0 
Elymus canadensis 10.0 12. 
Panicum praecocius 10.0 12. 
Trixolitm pratense 10.0 12. 5 2. 0 
Ratibida plnnata 16.6 10. 0 6. 0 
Zizia aptera 13.3 10. 0 
Echinacea pallida 10.0 10. 0 2. 0 
Helianthus grosseserratus 10.0 10. 0 10. 0 
Piilox pilosa 10.0 10. 0 U. 0 
Cicuta maculata 6.6 10. 0 10. 0 
Physalis lanceolata 13.3 7. 5 2. 0 
Aster laevis 6.6 7. 5 12. 0 
Bouteloua curtipendula 6.6 7. 5 
Coreopsis palmata 6.6 7. 5 
Helianthus laetiflorus 
var. rigidus 6.6 7. 5 8. 0 
Petalostemiim candidum 6.6 7. 5 6. 0 
Thaiictrum dasycarpum 6.6 7. 5 
Vicia americana 6.6 7. 5 
Erigeron strigosus 3.3 7. 5 
Fragaria vesca var. anericana 3.3 7. 0 2. 0 
Asclepias sullivantii 6.6 5. 0 2. 0 
Girsium discolor 6.6 5. 0 8. 0 
Desmodium canadense 6.6 5. 0 2. 0 
Pycnanthemiim virginianum 6.6 5. 0 
Carex spp. 3.3 5. 0 18. 0 
Lathrus venosus 3.3 5. 0 2. 0 
Polygonum coccineum 3.3 5. 0 
Psoralea argophylla 3.3 5. 0 
Solidago rigida 3.3 5. 0 6. 0 
Viola pedatifida 3.3 5. 0 
G-alium obtusum 5. 0 
Solidago gymnosperaoides 5. 0 
Lysimachia hybrida 5. 0 
Table 5 (Continued) 
Frequency percentages 
Frequency Species Kalsovr Hayden 
classes " 1949 1950 1950 
Solidago missouriensis 5.0 
Asclepias tuberosa 2.5 
Asclepias verticillata 2.5 2.0 
Sryngiun yuccifolium 2.5 12.0 
Lespedeza capitata 2.5 14.0 
Monarda punctata 2.5 
Solidago nenoralis 2.5 
Agropyron trachycaulum 2.5 
Artemesia serrata 2.5 
Ceanothus ovatus 2.5 
Convolvulus sepium 2.5 2.0 
G-entiana crinita 2.5 
Ipomoea purpurea 2.5 4.0 
Mirabilis iiirsuta 2.5 
Muhlenbergia racemosa 20.0 
G-eum triflorum 20.0 
Bromus latiglunis 18.0 
Equisetum kansanum 18.0 
A Solidago altissima 18.0 (1-20^) Bromus purgans 16.0 
Liatris pycnostachya 16.0 
Petalostemum purpureum 16.0 
Rosa arkansana var. suffulta 14.0 
Agrostis alba 12.0 
Koeleria cristata 12.0 
Ratibida columnifera 12.0 
Solidago serotina 10.0 
Zlzia aurea 10.0 
Liatris aspera 8.0 
Baptisia leucantlia 6.0 
Cacalia tuberosa 6.0 
Hordeum jubatum 6.0 
Liatris scariosa 6.0 
Bromus inermis 4.0 
Calamagrostis canadensis 
var. macouniana 4.0 
Heuciiera hispida 4.0 
Lysimachia o^uadriflora 4.0 
Populus tremuloides 4.0 
Anemone patens var. Kolfgangiana 2.0 
Potentilia canadensis 2.0 
Senecio integerrimus 2.0 
Spiraea alba 2.0 
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Salsow (1949) 67 15 6 5 7 
Kalsow (1950) 71 13 6 4 6 
Hayden (1950) 70 14 6 4 6 
Average for 
prairies 69 14 6 4 7 
Raunkiaer's 
"normal" 53 14 9 8 16 
Kenoyer's 
"nornal" 69 12 6 4 9 
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The numlDer of species in each of the classes, expressed 
as percentages of the quadrat floristic list, was arranged 
in a table of frequency class distrioutions in Tables 5 
and 6. The relationship of the classes checked with the 
law of frequency in v/hich A 3 C=D E. The average percentage 
of species in the frequency classes agreed rather well with 
the "normals" of Raunkiaer and Kenoyer, especially with 
that of Kenoyer. The "normal" pattern of frequency dis­
tribution occurred regularly in the two areas studied. 
In both areas Class S was made up entirely of grasses as 
shown in Table ?• Classes A and B v/ere both relatively 
large, but since these were the less common species they 
had little effect on the composition of the community as 
a whole. The consistently small number of species falling 
in Classes C and D v^as further evidence of uniform dis­
tribution since it indicated that there are only a few 
species of common occurrence and relatively high frequency. 
Percentage composition of the vegetation on the two prairies 
The term percentage composition has been used by some 
investigators as the percentage of the total basal cover 
(considered as unity) contributed by each of the principal 
species and groups of species (20, ^5)- In the present 
study the term V7as used in place of Hanson's frequency-
Table 7. Distribution of Plant Families in the Various Frequency 
Classes on the Kalsow and Hayden I^airies 
Frequency classes 
5 B C 5 E Total species 
Families (1-20^) (21-^0%) {hl-60%) (61-80,(81-100;^;) per family 
Kalsovr Hayden Kalsow Hayden Kalsow Hayden Kalsovf Hayden Kalsow Hayden Kalsow Hayden 
Oramineae X X X X X X X X X X 17 20 
Compositae X X X X X X X X 22 23 
Leguminoaae X X X X X 10 10 
Itonunculaceae X X X X 2 2 
Salicaceae X X 2 
Rosaceae X X X 2 5 
Umbelliferae X X X X k k 
Asclepidaceae X X 3 2 
Boraginaceae X X 1 1 
Convolvulaceae X X 2 2 
Cyperaceae X X 1 1 
Equisotaceae X X 2 1 
Gentianaceae X 1 
Labiatae X X 2 1 
Nyctaginaceae X 1 
Polemoniaceae X X 1 1 
Polygonaceae X 1 
Primulaceae X X 1 1 
Rhamnaceae X 1 
Rubiaceae X X 1 1 
Santalaceae X X 1 1 
Saxifragaceae X 1 
Scrophulariaceae X 1 
Solonaceae X X 1 1 
Violaceae X X 1 1 
Total families 
per class 20 16 5 8 5 5 3 2 1 1 
Total species 
per class 57 10 11 5 5 3 3 5 5 
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abundance index (37) £-nd was calculated by multiplying the 
frequency percentage by the weight-estimate percentage, or 
by dividing the total weight-estimate percentage by the 
total number of a_uadrats. It expresses the contribution 
made by various species to the composition of the vegeta­
tion on a vjei^t basis. Species of relatively high fre­
quency and of lovj weight may contribute less to the weight 
composition of the vegetation than species of medium fre-
c^uency and medium weight. The relative importance of 
species may be determined conveniently by this method. 
The weight-estimate percentage, frequency percentage 
and percentage composition of the species of the Kalsow and 
Hayden prairies are presented in Table 8. Species furnish­
ing less than 0.1 per cent by weight were not included in 
the table. On the Kalsovf tract, the percentage composition 
of the grasses varied generally with the frequency percentage 
and average weight-estimate percentage, which indicated 
that, wherever found, these species contributed substantial­
ly to the vegetative composition of the area. Exceptions 
were switch grass (Panicum virgatum) of the native flora, 
and timothy (Phleum -pratense) and bluegrass (Poa oratensis 
and P. comoressa) of the immigrant flora. The higher 
weight-estimate percentage for switch grass (l4.6) over­
balanced more than made up for its lower freo^uency of 75*0 
per cent to give it a greater percentage composition (10.9) 
Table 8, Weight-Estimate Percentage, Frequency Percentage and Percentage 
Composition by V/eight of Species of the More Important Plant 
Families on the Kalsow and Hayden Prairies 
Kalsow Hayden 
Average Average 
Family and species weight- Percentage weight- Percentage 
estimate Frequency composition estimate Frequency composition 










Panicum virgatum 1H-.6 
Andropogon 
gerardi 13 *3 
Stipa spartea 9«2 
Poa spp. 8.3 
Muhlenbergia 
race mosa 
Spartina pectinata 7*8 
Phleum pratense 6.5 
Sorghastrum nutans 6.^ 
Koeleria cristata 3*6 
Elymus canadensis ^,0 
P0,nicum 
scribnerio.num 3*0 
Agrostis alba 2.8 
Bromus spp. 
Hordeum Jubatum 
















































66 .0  
20 .0  
4.0 
82 .0  
62 .0  
48.0 






















Table 8 (Continued) 
Kalaow Hayden 
Average Average 
v/elght- Percentage weight- Percentage 
Family and species estimate Frequency composition estimate Frequency composition 




























7.5 17.5 1*3 9.2 14.0 1.3 
7.5 15.0 1.1 3.3 6.0 .2 
6. ^ 10.0 .6 8.0 18.0 .2 
6.0 6.0 .4 
5.0 17.5 .9 5.0 10.0 .5 
k.2 15.0 . 6 
^.0 27.5 1.1 2.7 16.0 .4 
i»-.0 5.0 .2 
42.0 3.9 37.5 1.5 2.3 .9 
3.8 5.0 .2 
3.4 17.5 . 6 1.7 8.0 .2 
3.0 7.5 .2 2.5 12.0 .3 
3.0 7.5 .2 3.0 24.0 .7 
2.3 12.5 .3 3.0 10.0 .3 
1.8 25.0 3.3 6.0 .2 
.5 67.5 .3 .3 34.0 .1 
.5 ^-5.0 .2 1.2 70.0 . 8 
2.6 10.0 .3 
2.0 62.0 1.2 
1.8 18.0 .3 
1.0 6.0 .1 
Table 8 (Continued) 
Kaleov/ Hayden 
Average Average 
v/elght- Percentage v/elght- Percentage 
Family and apeclee estimate Frequency composition estimate Frequency oomposltlon 
percentage percentage by v;elght percentage percentage by weight 
LEGUMIN03AE 
Desmodium canadenae 8.0 
Baptlala app, 6.5 
Amorpha oanescena 3.^1-
Lespedeza capltata 2.4 
Paoralea argophylla 1.8 
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var. suffulta 2.1 45.0 .9 1 . 8  14.0 . 2  
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than that of bluegrass vith a frequency of 90.0 per cent and 
a "weight-estimate of S.3 per cent, and that of timothy 
with a frequency of 85.0 per cent and a v;eight-estimate per­
centage of 6.5- Among the forbs there was less agreement 
betv;een frequency, "weight-estimate percentage and percentage 
composition vhich indicated that species of erratic dis­
tribution, such as Desmodium canadense in the Leguminosae 
and Sryngium yuccifolium in the Umbelliferae may be of 
appreciable "weight, while species of rather uniform dis­
tribution, Antennaria neglecta and Achillea lanulosa in the 
Compositae, may contribute only a small percentage by weight 
to the vegetative composition. The 39 species or generic 
groups of species of more than 0.1 per cent composition were 
found in the 5 families of Gramineae, Compositae, Leguminosae, 
Umbelliferae and Rosaceae, and comprised nearly 98 per cent 
of the composition as shovm in Table 9- The other 39 species 
recorded in the list c^uadrats fell for the most part, in 
frequency Glass A and contributed very little to the total 
weight. Four of these species fell in frequency Classes B 
and C but had such small vreights that their contribution to 
the total percen"t:age composition was minor. 
On the Hayden prairie, the grasses A.ndr0"P0g0n gerardi. 
Mulenbergia racemosa, Phle"um "oratense, Calamagrostis 
canadensis var. macouniana and Bromus sr>"D. were examples 
showing that there was not a simple relationship between 
percentage composition and frequency percentage. Ajidronogon 
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Table 9- Percentage Conposition and Number of Species 
Furnished by Each of the More Important Plant 
Families on the Kalsov and Hayden Prairies 
Percentage composition Number of species 
(including general 
groups of spp.) 
Families Kalsow Hayden Kalsow Hayden 
G-ramineae 86.0 81.3 13 17 
Compositae 9.7 8.5 16 18 
Leguminosae 2.9 3.3 6 5 
Salicaceae 2.2 3 
Umbelliferae 1.3 1.3 3 if 
Rosaceae .9 .2 1 1 







Number of species each 




gerardl had the highest frequency but contributed less forage 
than Sporobolus heteroleois or Andropogon scoparius and 
accordingly ranks "Chird in percentage coraposition. Muhlen-
bergia racemosa ranked with Phleum pratense in percentage 
composition although the frequency of the latter was much 
higher. Similarly, Calamagrostis and Bromus differed in 
frequency and in weight but had the same percentage composi­
tion. In the composites. Aster azureus, Achillea lanulosa 
and Antennaria neglecta had rather high frequencies but low 
weight, while Cacalia tuberosa and Echinacea pallida had a 
large weight and low frequency. Salix species were of con­
siderable importance in the vegetation of the Hayden but of 
little importance on the Kalsow prairie. Forty-six species 
or generic groups of species found in the list quadrats on 
the Hayden area contributed more than 0.1 percentage composi­
tion. These species belonged in 6 families and made up near­
ly 97 per cent of the composition as shovjn in Table 9' Thirty-
five other species of low frequency and of small weight con­
tributed three per cent or less to the total vegetation. 
Approximately 80 species were found in the quadrats on 
each of the two prairies. About ij-O species produced more 
than 95 per cent of the forage by weight on each prairie. 
Dominant, principal and secondary species of the two prairies 
The arbitrary division of the plants found in the weight-
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list quadrat study of the two prairies into dominant, 
principal and secondary groups was cased on the contribution 
of each species to the forage yield. The grass species were 
placed in the three groups on the basis of their percentage 
conposition as follows: greater than 10, dominant; less 
than 10 but greater than 1, primary; and, less than 1, 
secondary. The principal forbs and shrubs were those of 
greater "Chan 0-5 and secondary forbs from 0.5 "to 0.1 per­
centage composition (Tables 10 and 11). Only four grasses, 
Muhlenbergia racemosa, Bronus sp-p., Calamagrostls canadensis 
var. macounlana, and Hordeum jubatum, were found on the 
Kayden but not on the Kalsow prairie, while no grass found 
on the Kalsow was not also found on the Hayden tract. 
The dominant, principal and secondary species of the 
Kalsow prairie include I3 species of G-ramineae, 16 species 
of Gompositae, 6 species of Leguminosae, 3 species of 
Umbelliferae and 1 species of Rosaceae (Table 9). A similar 
representation of species and families v:as found on the 
Hayden prairie except for the addition of 3 species of 
Salicaceae. 
Quantity of -plant material above ground 
Forage yield. The data contained in Table 12 show a 
forage yield of I.78 tons per acre for the Kalsow and 2.42 
tons per acre for the Hayden prairie. The difference between 
-65-
Table 10- Dominant, Principal and Secondary 















































Table 11. Dominant, Principal and Secondary 























































the yields on the two areas was highly significant^as shown 
in Table I5. Analysis of the sanpling data, presented in 
Taole 13, showed the forage yield on the Kalsov; tract to be 
homogeneous and that on the Hayden tract to be heterogeneous. 
This heterogeneity was associated v:ith soil types. There 
were significant differences among yields obtained on dif­
ferent soil types, but no significant differences in yields 
obtained within each soil type as shown in Table 1^. Of 
the three soil types, Floyd gave the highest yield, Carring-
ton was intermediate and Clyde lowest. 
Mulch yield. Measurements of mulch included all dead, 
non-standing plant material of previous seasons covering the 
ground surface. On the two prairie areas this layer of plant 
debris varied from J, t,o S inches in depth. Yield data con­
tained in Table 12 indicated a mulch accumulation on the 
Hayden prairie of 1.66 tons per acre v;hich was nearly double 
the 0.98 tons per acre on the Kalsow prairie. The difference 
between the yields on the two areas was hi^ly significant 
as shown in Table 16. This difference was attributed to the 
longer period of protection from grazing and mov7ing and the 
more luxuriant growth on the Hayden prairie. Livestock on 
these areas would have trampled this dead material into the 
ground and haying v;ould have reduced the extent of its 
accumulation. Protected against both pasturing and mowing, 
the annual production and accumulation of mulch had proceeded 
Table 12. Quantity of Forage and. Mulch, in G-rams per 
Quadrat and in Tons per Acre from Clipped Quadrats 
on the Kalsow and Eayden Prairies, 1950 
Kalsow Hayden 
G-raas* Tons Grams* Tons 
per o^uadrat per acre per quadrat per acre 
Forage 400.6 l.?8 547.2 2.42 
Mulch 2 2 2 . k  0.98 378.6 1.66 
*Air dry v;eight. 
Table I3. An Analysis of Variance of the Amounts of 
Forage and Mulch on the Kalsovr and Hayden Prairies 










Kalsow Amon^r Dairs 15 7,299.26 12,488.66 
(32 quadrats) I'7ithin pairs 16 4,001-44 7,926.56 
Hayden Among pairs 24 22,599.58* 4,510.08 
(50 quadrats) Within pairs 25 11,195.84 4,714.44 
*Indicates significance at the 5 per cent level. 
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Table 14. An Analysis of Variance of Forage Yield 
on Tiiree Soil Types on "uiie Hayden Prairie 





Among soil types 
Among samples within soil types 







*Indicates significance at the 5 per cent level. 
Table 15 • t-test for Difference Betv.'-een the Mean 
Forage Yields of the Kalsow and Hayden Prairies 
Degrees 
Source of variance of Mean t freedom yield 
Between sample pairs, Hayden 25 547.2 7.17** 
Between sample pairs, Kalsow 16 400.6 
Indicates significance at the 1 per cent level. 
Table 16. t-test for Difference Between the Mean 
Amount of Mulch on the Kalsow and Hayden Prairies 
Degrees 
Source of variance Mean t 
freedom yield 
Betv/een sample pairs, Hayden 25 365-16 8.4?** 
Between sample pairs, Kalsow 16 21?.06 
Indicates significance at the 1 per cent level. 
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unaisturbed for a period of three years on the Kalsow and 
six years on the Hayden prairie. The distribution of mulch 
over both areas was homogeneous. 
Quantity of Tolant materials underground 
Roots. The results of the root determinations, pre­
sented in Table 17> revealed no sicnificanr difference be­
tween the two prairies in the amount of roots in the upper 18 
inches of soil (Tables 20 and 21). Analysis of the sampling 
data, presented in Tables 18 and 19, indicated a homogeneous 
distribution of roots in the two prairies. Both prairies 
had approximately 6 tons per acre in the top 6 inches of 
soil, one ton per acre at the 6-12 inch soil depth and about 
one half ton per acre at the 12-18 inch depth. Root wei^t 
decreased markedly with depth. Seventy-seven per cent of the 
total root material was concentrated in the top six inches of 
soil, and only seven per cent v;as found in the 12-18 inch 
layer. 
Soil Analysis 
In order to study the effects of plant growth on the 
structure of soils, nine profiles were obtained from each 
of the Kalsow and Hayden prairies, and from adjoining cul­
tivated fields- Volume weight of soil, soil porosity and 
Table 1?. Average Amount of Roots in Grama per Sample, Pounds per Cubic Foot 
and Tons per Acre for Three Soil Depths in the Kalsow and Hayden Prairies 
Root weights 
Kalsov; Hayden 




















































0-12 0.69 0.020 0.93 6.69 1.82 0.052 1.14 16.13 
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Table 18. An Analysis of Variance of the Amount of Roots 
(g./e.) Ta-ken at Tx::o Soil Depths on the Kalsow 
and Hayden Prairies in 1950 



























An Analysis of Variance of the Amount 
in the Upper Foot of the Soil of the 
























Table 20. t-test for Difference Between the Mean Amount 
of Roots in the Upper Foot of Soil on the Hayden 
and Kalsov Prairies 
Source of variance Degrees of freedom Mean yield 
Within pairs, Hayden 25 11.28 
V7ithin pairs, Kalsov 16 11.05 
Table 21. t-test of Significant Difference 3etv:een the 
Mean Amount of Roots in the Upper 18 Inches of Soil 
On the Hayden and Kaisow Prairies 
Source of variance Degrees of freedon Mean yield 
¥ithin pairs, Hayden 






percentage of water-stable aggregates were determined for 
these profile sanples. The data are presented in Table 22. 
Volume weight 
Volune v;eights increased uniformly v;ith depth in both 
prairie and cultivated soils. The prairie soils showed a 
sharp increase in volume 7;eight from the 0-6 to 6-12 inch 
depth while this abrupt increase xvas not found for the 
cultivated soils. Volume weight of the top 6 inches of soil 
profile from cultivated fields was significantly greater 
than that from the undisturbed prairie as shown in Table 23. 
There were no notable differences between volume weights of 
prairie and cultivated soils at greater depths. The dif­
ference between the voltime weights of the soils of the two 
prairie areas were insignificantly small for all the sampled 
depths in the profiles. Volume weights of the upper 6 inches 
of soil from the cultivated fields adjacent to the two 
prairies showed no significant differences as shown in 
Table 24. 
Porosity 
Aeration, capillary and total porosity decreased uni­
formly with soil depth in both the prairie and cultivated 
soils. Porosity was higher for the 0-6 inch soil layer in 
prairie than in cultivated fields. Beloxc the top 6 inch 
Table 22. Volume Weights and Porosities of Soils at Different Levels in the 
Profiles of the Kalaov/ and Hayden Prairies and Adjacent Cultivated Fields 
Kalsov;^ Hayden 
Location Soil 
of level Volume Porosity percentage Volume Porosity percentage 
profile (inches) weight Aeration Capillai'y Total V/eight Aeration Capillary Total 
0-6 0 .79  19.6 50.6 70.2  0 .79  25 .0  45 .1  70.1 
6-12 1 .08  12 .4  46 .9  59 .3  1.03 18.1 43.0  61.1 
12-18 1.15  12.1 44.1  56.2 1.14  15.6 41.3  56 .9  
Prairie l8-2ij- 1.24  11 .3  41 .9  53 .2  1.28 12.4  39 .3  51 .7  
24-30 1.32 11.1 39.0  50 .1  1 .43  9 .8  36.2 46.0  
30-36 1 .46  12 .1  32.8 44.9  1 .51  7 .8  35 .2  43 .0  
36-i^2 1 .60  6 .1  33 .5  39 .6  1.66 3.9  33 .4  37 .3  
0-6 1 .00  15 .1  47 .1  62.2 0.92 20.6  44 .6  65.2 
6-12 1.09 14.7  44 .1  58 .8  1.03 16.8  44.3 61.1  
12-18 1 .14  15 .1  41 .8  56 .9  1.11 16.3 41 .8  58 .1  
Cultivated l8-2k 1.25 9.2  43.6 52.8  1 .24  16 .2  37 .0  53 .2  
f ie lds  24-30 1 .33  8.3 41.5  49 .8  1 .45  8 .6  36.8 45.2 
30-36 1 .40  8.5 38.6  47.1 1.53  6 .2  36 .2  42 .4  
36-42 1.56 5 .B 35 .3  41 .1  1 .69  2 .8  33.8 36.6 
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Table 23- An Analysis of Variance of Volume V/eights 
of tiie Upper Six Inches of Soil of the Kalson s,nd 
Hayden Prairies and Adjacent Cultivated Fields 
Degrees of Mean sauare 
Source of variance freedom Kalsow Hayden 
Prairie vs. fields 1 0.0682* 0.0254* 
Error 4 0.0033 0.0012 
* 
Indicates significance at the 5 per cent level. 
Table 2k-. An Analysis of Variance of Volume Weights 
of the Upper Six Inches of Soil of Cultivated Fields 
Adjacent to the Ka,lsov7 and Hay den Prairies 








l eve l ,  poros i ty  was  not  notably  d i f ferent  as  shovn in  Figures  
4 and 5' Aeration porosity vjas greater on the Hayden tract 
than on the Kalsoi-r for the 0-6, 6-12 and 12-18 soil depths. 
The data presented in Figure 6 shov; that capillary porosity 
>7as greater on the Kalsoiv area than on the Hayden for these 
same soil depths. 
Water-stable aggregates 
The mean values of the percentage of water-stable ag­
gregates greater than 2 nm from 9 profiles at three depths 
of soil sampling on the Kalsow and Hayden prairies and ad­
jacent cultivated fields are presented in Table 25- Aggrega­
tion decreased maricedly vith depth in both prairie and cul­
tivated soils. Differences for aggregation are shown between 
the two prairies, between prairies and adjacent fields and 
between the fields adjoining the two prairies.. 
The soils of the two prairies shoxved no significant 
differences for percentage aggregation at the 0-6, 6-12 and 
the 12-18 inch soil levels. At the 0-6 inch soil level the 
difference in aggregation between the Hayden tract and the 
Kalsow tract was just under the 5 per cent level of sig­
nificance as shown in Table 26. 
On the Kalsow prairie, the percentage aggregation for 
the 0-6 inch soil depth was significantly different (one 
per cent level) from that of adjacent cultivated fields, and 
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Table 25- Percentage of Water-Stable Aggregates G-reater 
Than 2 mn. for Three Depths of Sampling on the Kalsow 




Prairie Field Prairie Field 
0-6 13.40 5 .30  16 .79  10.62 
6-12 8 .66  3 .96  9 .04  3 .03  
12-18 4.28 2.51 2.41 1.41 
Table 26. An Analysis of Variance of Percentage 
Aggregation G-reater than 2 nm for Three Soil 
Levels of the Kalsow and Hayden Prairies 
Soil level Source of Degrees of Mean F at 
in inches variance freedom square F .05  
0-6 Prairies 1 17 .31  7 .64  7 .71  
Error 4 2 .26  
6-12 Prairies 1 0 .0504  
Error 4 2.7479 
12-18 Prairies 1 5 .24  4 .?3  7 .71  
Error 4 1.21 
Figure k. Soil porosity comparisons between the Kalsov; 
prairie and adjacent cultivated fields. 
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prair ie  and adjacent  cul t ivated  f ie lds .  
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Figure 5. Soil porosity comparisons between the Kalsow 
and Hayden prairies. 
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signlficantly different (5 per cent level) for the 6-12 
inch depth. The percentage aggregation in the 12-18 inch 
soil layer shovred no significant difference. On the Hay den 
tract, the percentage aggregation in the upper six inches 
of soil v/as significantly different (5 per cent level) from 
that in the adjacent cultivated fields, and significantly 
different (l per cent level) at both the 6-12 and 12-18 
inch soil depths as shovrn in Table 27• 
The data presented in Table 28 shov: that the percentage 
aggregation on the fields adjacent to the two prairies was 
significantly different in the 0-6 and in the 12-18 inch 
layer, but not in the 6-12 inch soil layer. The fields 
adjacent to the Hayden prairie had the higher aggregation 
in the top 6 inches of soil and the lovrer aggregation in the 
12-18 inch layer. 
Effect of Roots on Soil Aggregation 
A study v;as made of the relationship between the amount 
of roots and percentage of vxater-stable aggregates greater 
than 2 mm for tv;o soil levels on the Kalsow and Hayden 
prairies. Undisturbed soil cores J;.15 inches in diameter 
and 6 inches deep were taken for the root yields. Twenty-
one such samples were taken at random on the Hayden prairie 
and 15 samples on the Kalsow tract. Soil samples for ag-
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Table 2?. An Analysis of Variance of Percentage 
Aggregation G-reater than 2 mn for Three Soil 
Levels of the Kalsov; and Hayden Prairies 












0-6 Prairies vs. fields 1 98.15** 57.22* 
Error k- 1.59 6.09 
6-12 Prairies vs. fields 1 36.06* 54.32** 
Error h 3.80 0.13 
12-18 Prairies vs. fields 1 4.71 1.50** 
Error 4 3-90 0.03 
Indicates significance at the 5 per cent level. 
Indicates significance at the 1 per cent level. 
Table 28. An Analysis of Variance of Percentage 
Aggregation G-rea.ter Than 2 mm for Three Soil 
Depths in Cultivated Fields Adjacent 
to the Kalsov: and Eajrden Prairies 
Source of Degrees of nean square 
variance freedom 0-6 inches 6-12 inches 12-18 inches 
Fields 1 43.34* 1.29 1.80* 
Error 4 5.17 1.19 0.22 
Indicates significance at the 5 per cent level. 
-se­
gregate analysis v.'ere taken at the same tine from borings 
made alongside the root cores. The results are presented in 
Table 29. On both prairies root v/eight decreased aore 
rapidly than the percentage of water-stable aggregates from 
the 0-6 to the 6-12 inch soil level. There v/as little dif­
ference betv;een ihe two prairies in the percentage aggrega­
tion as a function of root v.'eight in the upper 6 inches of 
soil but a greater difference for the 6-12 inch soil depth, 
at which the Kalsow exceeded the Kayden tract. In the upper 
foot of soil rooos appeared to be nore effective in produc­
ing stable aggregates on the Kalsow than on the Hayden area. 
The soils of the tv;o prairies have been shov;n not to differ 
significantly in the amount of roots and percentage aggrega­
tion in the upper 12 or in the upper 18 inch soil depths. 
The relationship between dry weight of roots and the 
percentage of water-stable aggregates greater than 2 mm is 
presented in Figures 7» 8 and 9. On the Kalsow prairie, 
this relationship was linear for both the 0-6 and 6-12 inch 
soil depths, while on the Hayden tract the linear relation­
ship was significant for only the 0-6 inch soil depth as 
shorn in Table 30. 
The differences in the regression and correlation coef­
ficients of the amount of roots versus water-stable a.ggre-
gates in the top 6 inches of soil on the Kalsov; and Hayden 
prairies were significant at the one per cent level. 
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Table 29. Relationship Betveen the Amount of Roots 
and Percentage of w'ater-Stable Aggregates Greater 
Than 2 mm for Two Depths of Sampling 
on the Kalsow and Hayden Prairies 
Kalsow Ha;/den 
Roots Roots 
grams per Percentage grams per Percentage 
Soil level samiDle water-Gtahle samole water-stable 
in inches dry T-zeight aggregates dry weight aggregates 
0-6 9.15 13-77 9.68 16.60 
6-12 0.63 7.22 1.59 8.41 
Table 30. Analysis of Variance of Percentage Aggregation 
as a Function of Root VJeights in &rams per Sample 
Source of Degrees of Mean square 
Prairie variance freedom 0-6 inches 0-12 inches 
Salsow Regression 1 86.99** 16. 51* 
Deviation about 
regression 13 1.71 1. 69 
Hayden Regression 1 198.95** 13. 61 
Deviation about 
regression 19 11.10 3. 68 
Indicates significance at the :> per cent level. 
Indicates significance at the 1 per cent level. 
1 
Figure 7. Relationship between the dry weight 
of roots and the percentage of water 
stable aggregates greater than 2 mm 
at the 0-6 inch depth of soil -
Kalsow prairie. 
20 
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Figure 9- Relationship between the dry weig:ht of roots 
and the percentage of water-stahle aggregates 
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An ecological investigation of two native prairie tracts 
v&s begun with an inventory which included the taxononic 
identity, floristic composition, stability of prairie, dis­
tribution of species, forage yield, abundance of mulch and 
roots, and soil structure. On this basis it becomes possible 
to characterize each area and prescribe management practices 
most likely to be successful in maintaining the prairie in 
its native condition. 
Prairie is characterized by the abundant and dominant 
grasses which constitute the prevailing life form. Inter­
mingled with the grasses is a great variety of forbs. This 
floristic complex of grasses and forbs can be described more 
simply and clearly throu^ the use of the plant family as a 
unit than by an enumeration of species. Areas known as up­
land prairies are characteristically covered by vegetation 
made up of I30 to I80 species principally in the Compositae, 
G-ramineae and Leguminosae families (12, 23, 29, ^8, 90). 
Tabulations of the species observed (Tables 1 and 2) on the 
two prairies reveal totals that fall within this range, and 
the principal families are those indicated. It may be con­
cluded therefore that the areas studied are properly desig­
nated as upland prairies. 
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One of the most evident features of unbroken tracts of 
native prairie, in comparison with neighboring pastures and 
surrounding cultural vegetation, is the very small percentage 
of introduced weeds. The probable thinning of the ground 
cover during the haymaking era has made the prairie subject 
to invasion by ruderals such as timothy, red clover and ex­
cessive quantities of bluegrass, particularly along road­
side borders. Bluegrass, Poa t?ratensis, seems to make the 
most successful invasions, but does not establish a sod to 
the exclusion of the native prairie plants. Ca.nadian blue-
grass, Poa com-pressa, is less frequent and usually occurs 
in areas x-zhich have been somewhat disturbed. In the present 
isolated condition of the Kalsovr and Hayden prairies, as was 
noted in Wisconsin relics (23), there has been no opportunity 
for re-entry of any species. The native flora of prairie 
relics therefore probably contains fewer species than v:ere 
originally present, but could scarcely contain more, except 
for a few aggressive native prairie plants. Shimek (82) 
believed that no native species in Iowa had disappeared 
entirely, though all had been reduced in frequency and in a 
few cases almost exterminated such as Liatris squarrosa. 
Other species have become rare, but on the whole the original 
prairie flora has been preserved. The dense network of roots, 
rhizomes, bulbs, corms and tubers occupying the upper 6 inches 
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cf soil to within one half inch of the surface has Bade the 
prairie sod a closed and sta'Dle formation. 
The frequency percentages of the species encountered 
in the o^uadrat survey vere placed in the five frequency 
classes formulated by Raunkiaer (68). 
The distribution of plant families in the various fre­
quency classes on the Eayden prairie tapered from 16 in 
Class A to 8 in Class B, 5 in Class C (Gramineae, Compositae, 
Leguminosae, Umbelliferae and Santalaceae), 2 in Class D 
(G-ramineae and Compositae), and 1 in Class S (G-rejnineae). 
On the Kalsow prairie. Class A had 20 families. Class B 
5 families, Class C 5 families, Class D 3 fajnilies (G-ramineae, 
Compositae and Umbelliferae), and Class E 1 family (G-ramineae). 
The significant fact indicated by the law of frequency 
is that there are more species with a few individuals than 
with many. It has been shovm by Kenoyer (50) that lack of 
uniformity in an area studied would account for departures 
from the "normal" distribution. Application of this law of 
frequency is valuable in analyzing field data, for with it 
the degree of uniformity in distribution of species can be 
evaluated. 
Thus it seems that floristically the two prairie tracts 
are uniform areas of great homogeneity individually, and in 
comparison with each other, since the distribution found 
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agrees closely witii the "normals" established by Raunkiaer 
and Kenoyer. 
A comparison of the forage and mulch yields of the 
prairies vith those obtained on other midwestern grasslands 
(17, 20, 45, 102, 103, 112), shoved that the former were 
somevjhat higher. The yield of below ground materials (roots) 
of the two prairies were in close agreement with those found 
elsex-:here in the prairie region (86). 
The two prairies differed significantly in the yields 
of forage and mulch; but there was no significant differ­
ence in the amount of roots in the upper 18 inches of soil 
(Tables 12, 17)• A longer period of protection for the 
Hayden prairie and the more luxuriant growth may account for 
the mulch differences between the t^^TO prairies. Climate, 
in terms of precipitation and temperature, more favorable 
aeration porosity in the upper soil, and previous treatment 
also account for the greater quantity of plant material on 
the Hayden prairie. More frequent and. closer mowing took 
place on the Kalsow tract during the haymalcing period of 
these prairies' history. 
It is probable that the living cover of the two areas 
may shov; a decided decrease within the next fev^ years due 
to the annual accumulation of dead plant material in contact 
with the ground. A much greater accumulation of dead plant 
material occurs on ungrazed patches of prairie than on grazed. 
-93-
The large amount of such surficial material (mulch) on the 
two unmo?/ed prairies presents a problem to be considered in 
the future management of these areas. Much of this material 
lies flat on the ground thereby providing an effective cover 
that eliminates the establishment of many seedlings, and 
lov/ers the surface soil temperatures. Several investigators 
are agreed tha.t removal of dead grass and mulch by burning 
stimulates earlier grov:th of plants in spring and increases 
the production of forbs (including legumes) and annual 
grasses (6, 67, 110). 
The mulch problem is different in humid and dry regions. 
¥ithin the area of the prairie peninsula, hoxvever, it is 
generally agreed that periodic early spring fires have a 
beneficial effect in renovating unmowed prairie. On prairie 
areas in Illinois, seldom disturbed by man and where the dead 
grass remained from year to year, the dominant plants main­
tained their purest stand. In time the secondary species 
became insignificant and were represented only as scattered 
individuals (73s.). Throughout the western end of the 
peninsula retardation of grovxth in spring resulted in an 
actual dimunition of basal cover and a restriction in growth 
of the smaller and earlier species which after a v;hile tended 
to disappear (108). Beneficial effects resulting from the 
removal of old mulch from Wisconsin prairie included increased 
flov.'er production and increased height of big bluestem (24). 
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It is probable tiis,t the hara or good caused by burning 
pastures from the standpoint of soil erosion and plant pro­
duction depends primarily on two factors: (1) iirhether the 
dead standing material and mulch are destroyed by fire, and 
(2) vrhether the underground parts of the important plants 
are injured or killed. 
Controlled burning in the late fall or early spring, 
grazing or mowing might increase the forage yield through 
stimulation of grovjth. More detailed long-term investiga­
tions must be conducted on these tracts before definite 
recommendations can be made. 
An evaluation of the physical condition of the soil 
profile under prairie and cultivated lands included a de­
termination of volume weight, porosity and aggregation. 
Results indicated (Tables 22, 25) the existence of more 
favorable soil structure and aeration in the surface horizons 
on undisturbed grassland than on cultivated fields where 
aeration pososity and aggregation were greatly reduced and 
volume weights increased. 
Other workers have reported lower volume weights, in­
creased porosity and increased aggregation for surface layers 
of virgin soils than for cultivated soils (5, 8, 16, 32, 3^)• 
The high compaction of cultivated soils is believed due 
largely to the use of heavy mechanical equipment. However, 
other factors, such as erosion, reduced organic matter and 
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tlie beating action of raindrops, have undoubtedly contributed 
to the hi^h volume weights encountered in the cultivated 
land. Organic matter content is reduced by increased rates 
of oxidation and by the lov;er rate of addition of plant re­
mains that usually accompanies cultivation. 
A comparison between the t>70 prairies (Tables 22, 25) 
revealed no significant differences in volume weights and 
in aggregation, although the percentage of aggregation in 
the 0-6 inch layer on the Hayden prairie was greater than 
on the Kalsow tract. The difference v.'as sufficient to 
give an F-value of 7*64 while 7-71 rea_uired for sig­
nificance at the 5 per cent level (Table 26). Although 
there vjas no difference in the total porosity, the aeration 
porosity in the upper foot of the soil on the Hayden tract 
w&s greater than on the Kalsov; prairie (Figure 6). These 
small differences may result from the greater organic matter 
content of the Hayden prairie, due to less severe past use, 
and better drainage associated with a rolling topography. 
The large amounts of roots under prairie contribute 
organic materials which bring about aggregation of soil 
particles- Several workers have found that, over a period 
of years, cropping soil decreases its organic matter con­
tent (8, 49, 109)-
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Cultivation does not permit accumulation of these organic 
materials to take place and so the previously well-aggregated 
prairie soils gradually have lost some of their structural 
qualities. The direct relationship apparently existing be­
tween the quantity of roots and the percentage of water-
stable aggregates greater than 2 mm in the 0-6 and 6-12 
inch soil levels of both prairies is a reflection of the 
effects of roots in opening up the soil by root channels 
and improving aggregation vhich increases the aeration pore 
spaces. On the Kalsov prairie the linear root-aggregate 
relationship was highly significant in the 0-6 inch soil 
depth and significant in the 6-12 inch depth. On the Hayden 
tract the relationship was highly significant in the upper 
6 inches of soil, but not significant in the 6-12 inch level 
of soil. This linear relationship v/as, however, contrary 
to the findings of Feng (30) on grasses after 5 years of 
occupancy. The direct relationship indicates the probability 
that the larger aggregates are held by root binding vjhich 
has been suggested by Yoder (115) s-nd Eaver (9), as con­
trasted with the smaller aggregates which are believed held 




1. A vegetational analysis of tv;o native prairies in 
Iowa was attempted. 
2. The following characteristics were determined: A 
flora of the prairies, stability of the prairies, fre­
quency percentages of the species, percentage composition 
by species, dominant species, quantity of plant materials 
above and below ground and soil structure in teiTns of volume 
weight, aeration porosity and aggregation. 
3 .  Plants collected on the two prairies were listed 
alphabetically according to families. 
4. A comparison of the two prairies was made on the 
basis of plant families. 
5.  Three families, Compositae, G-ramineae, and Legumi-
nosae, comprised more than 50 per cent of the species present 
on each of the prairies. 
6. Stability of prairie vegetation ;^as shovni by its 
resistance to invasion by weedy plants from the surrounding 
cultural vegetation. 
7.  The frequency percentages of the species encountered 
in the quadrat survey of the two prairies were tested by 
Raunkiaer's law of frequency. The percentage of species 
in the frequency classes agreed rather well with the 
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"nornals" of Raunkiaer and Kenoyer, especially v.^ith that of 
Zenoyer. 
8. The distribution of plant families in the various 
frequency classes on the Kalsow prairie tapered from 20 
families in Class A to 5 families in Class 3, 5 in Class C, 
3 in Class D and 1 family (Gramineae) in Glass E. 
9. The Hayden prairie showed a similar distribution 
of families with only G-ramineae in Class E. 
10. Percentage composition by weight was determined 
for species on the basis of vjeight-estimate percentage and 
frequency percentage. The three families of G-ramineae, 
Compositae and Leguninosae furnished over 90 per cent of 
the percentage composition of each prairie. G-ramineae, 
alone, made up over 80 per cenr of the forage by vreight. 
11. Plants found in the v;eight-list quadrats were 
arbitrarily classed into dominant, principal and secondary 
groups based on the contribution of each species to the 
forage yield. 
12. Forage and mulch yields were higher on the Hayden 
than on the Kalsow prairie. 
13 .  There was no difference between the tTvo prairies 
in the amount of roots in the upper 18 inches of soil. 
14. The magnitudes of the yields were in good agreement 
with the results of other workers in the field. 
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15. The soil structure of the two prairies did not 
differ significantly v;ith respect to aeration porosity and 
aggregation. 
16. The soil in both prairies vras superior in struc­
ture to that in adjacent cultivated fields. Aeration 
porosity and aggregation were higher and volume vjeights 
lower than in the cultivated fields. 
17. There seemed, to "be a direct relationship between 
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